Abstract. It is shown that an indirect synthesis method can be used in the efficient optimal design of multidegree-of-freedon, muttidesignelement, nonlinear, transient systems. The technique begins with a limiting performance analysis which requires linear programming for a kinematically linear system, following which the system is selected using system identification methods such that the designed system responds as closely as possible to the limiting performance. The efficiency is a result of the method avoiding the repetitive systems analyses accompanying other numerical optimization methods.
I. Introduction
An essential ingredient of the conventional methods in the optimum design of dynamic systems has been an iterative technique that progressively searches for the open design parameters which optimize some index of system performance without violating the imposed constraints. While this search procedure presents no serious problems for simple systems with few design parameters, its practicality diminishes rapidly with increasing system complexity and becomes questionable, in terms of computational requirements, for a large, real-world system. The main difficulty therein stems from the fact that (i) for each iteration, the entire system dynamics must be solved and (ii) convergence to a global minimum, if it can be reached, usually requires a large number of iterations. The new method appeared to perform reasonably well for simple systems after considerable special care for each case. It is the purpose of this paper to develop the technology necessary to overcome this shortcoming and to demonstrate the generality of the method in designing multidegree-of-freedom, transient systems.
The basis of the new approach is to select the open design parameters such that the response of the portion of the system being designed approximates the limiting performance solution, which is independent of the hardware devices used. It suffices to solve the system dynamics only once. As a consequence, the new approach offers great computational advantages over the conventional methods. Also, by carrying out the limiting performance solution for several constraint levels, it yields the limiting performance characteristics (trade-off curve) of the systems under consideration. Apart from its use in automated design, this information, which is not available from conventional sources, is of considerable value to the mechanical designer in providing the feasibility characteristics of his proposed design.
Details of the formulation of the new design approach are presented in Ref. 1. Essentially, the method consists of two distinct phases: time-optimal synthesis and parameter identification. One first replaces the design elements, regardless of configuration, by generic or control forces u(t). The limiting performance solution of the resulting system is sought in the time domain of interest, yielding the optimal (ideal) generic forces u*(t) and other ideal system responses. 5 In the second phase of the design, one selects, element by element, the design parameters that respond most closely (in an optimal sense) to the limiting performance solution. The elements being designed can be linear, nonlinear, passive, or active. The limiting performance problem is particularly simple when those portions of the system not being designed and the overall dynamics are linear, for then the problem can be formulated as one of linear programming. The element-by-element
